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1
RECOVERING LEAD FROM A MIXED
OXIDIZED MATERIAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application Ser. No. 61/725,824, filed Nov. 13, 2012, which
is incorporated by reference herein.

BACKGROUND

Lead is used in a variety of applications, including, for
example, building construction, energy storage batteries
(e.g., lead-acid batteries), weaponry (e.g., bullets, shots, etc.),
and alloy materials (e.g., solders, pewters, fusible alloys,
etc.). With such widespread application, annual lead produc-
tion has expanded to greater than four million tons of refined
metal. Lead may be recovered from natural ores (e.g., in a
variety of mineral forms) or from recycling processes. Some
lead recovery processes involve ore mining, froth flotation
(which produces a high grade lead concentrate), smelting of
the lead concentrate (which produces crude lead metal), and
refining of the crude lead metal. Lead recovery processes
involving smelting often use high temperatures, which may
generate volatile products that are difficult to control and/or
contain.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of examples of the present disclo-
sure will become apparent by reference to the following
detailed description and drawings, in which like reference
numerals correspond to similar, though perhaps not identical,
components. For the sake of brevity, reference numerals or
features having a previously described function may or may
not be described in connection with other drawings in which
they appear.

FIG.11s a schematic flow diagram depicting an example of
a method for recovering lead from a mixed oxidized lead
material; and

FIG. 2 is a schematic illustration of an undivided electro-
chemical cell for performing an electrolysis step of an
example of the method for recovering lead from a mixed
oxidized lead material.

DETAILED DESCRIPTION

The present disclosure relates generally to recovering lead
from a mixed oxidized material. Examples of the method
disclosed herein utilize methane sulfonic acid (MSA) for
recovering lead from mixed oxidized lead materials, such as
materials containing lead oxide (i.e., PbO), lead carbonate
(i-e., cerussite or PbCO,), and/or lead sulfate (e.g., anglesite
or PbSQO,). It has been found that the use of methane sulfonic
acid in the method(s) disclosed herein enables lead recovery
from various mixed oxidized lead materials while advanta-
geously avoiding high temperature smelting and the use of
other acids, which may be unstable or may introduce other
undesirable issues with lead recovery.

Referring now to FIG. 1, an example of the method 10 for
recovering lead from a mixed oxidized lead material is sche-
matically depicted. In the examples disclosed herein, the
mixed oxidized lead material MOPbM may be a mixed oxi-
dized ore of lead or a mixed oxidized concentrate of lead,
either of which includes one or more of lead oxide, lead
carbonate, and lead sulfate. The mixed oxidized concentrate
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2

of lead may be formed from a mixed oxidized ore of lead.
Prior to performing the recovery method(s) disclosed herein,
the mixed oxidized lead material MOPbM may be subjected
to a particle size reduction process (i.e., comminution). It is
generally desirable that the particle size of the mixed oxidized
lead material MOPbM range anywhere from 10 um to about
500 pm. In an example, the reduced particle size may range
anywhere from 50 pm to about 100 um. Comminution may be
accomplished by crushing, grinding, or another suitable size
reduction process. The reduction in size may lead to increased
reactivity of the lead material MOPbM and increased lead
extraction efficiency.

At the outset of the method 10 shown in FIG. 1, methane
sulfonic acid (CH,SO;H, also referred to herein as MSA) is
selected as a leaching agent for the process. The selection of
methane sulfonic acid is shown as “MSA” in FIG. 1. Methane
sulfonic acid is a strong organic acid that is virtually free of
metal ions and sulfates. It has been found that lead is highly
soluble in methane sulfonic acid. For example, lead has a
solubility of 143 g per 100 g of methane sulfonic acid in
solution. As such, it is particularly desirable to select this acid
for the lead recovery method(s) 10 disclosed herein. In addi-
tion, the lead recovery method(s) 10 utilizing MSA surpris-
ingly involved a speedy leach extraction (e.g., from about 10
minutes to about 120 minutes) and completeness of the reac-
tion.

Inthe examples disclosed herein, the methane sulfonic acid
is used in an aqueous solution including from about 0.01 wt.
% MSA to about 30 wt. % MSA, and a balance of water. In
other examples, the aqueous solution may include water and
from about 0.05 wt. % MSA to about 10 wt. % MSA, or water
and from about 0.25 wt. % MSA to about 5 wt. % MSA. The
aqueous solution may be made by diluting a concentrated
form of the MSA with a desirable amount of water. In one
example, the methane sulfonic acid is LUTROPUR® MSA or
LUTROPUR® MSA 100 (both of which are commercially
available from BASF Corp., located in Florham Park, N.J.),
and a suitable amount of water is added to the more concen-
trated form of MSA to obtain the solution having the desired
MSA weight percent. The solution including methane sul-
fonic acid may be referred to herein as the MSA solution.

At reference numeral 12 in FIG. 1, the mixed oxidized lead
material MOPbM is exposed to the MSA solution. Exposure
of the mixed oxidized lead material MOPbM to the MSA
solution involves contacting the solid mixed oxidized lead
material MOPbM with the liquid MSA solution. Solid-liquid
contact may be accomplished by heap leaching, vat leaching,
dump leaching, or by pulping the mixed oxidized lead mate-
rial MOPbM with the MSA solution. The mixed oxidized
lead material MOPbM is mixed with the MSA solution to
produce a suspension. Exposure of the mixed oxidized lead
material MOPbM to the MSA solution initiates acid leaching
of'lead from lead oxide and/or lead carbonate present in the
mixed oxidized lead material MOPbM, and generates a liquid
leachate.

The amount of the mixed oxidized lead material MOPbM
and the amount of the MSA solution used may depend upon
a target lead concentration for the liquid leachate formed
during the step shown at reference numeral 12 of the method
10. In an example, the solid to liquid (i.e., MOPbM to MSA
solution) ratio is selected so that the resulting liquid leachate
has a lead concentration that is sufficient for performing lead
electrolysis. In an example, the target lead concentration in
the liquid leachate ranges from about 5 g Pb/L leachate up to
saturation. As an example, the target lead concentration in the
liquid leachate is 50 g Pb/L. leachate. The target lead concen-
tration may vary depending, at least in part, upon the strength
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of'the MSA solution to be used and the temperature to be used
during leaching. In order to achieve the target lead concen-
tration, the solid to liquid ratio is selected so that the suspen-
sion of MOPbM in the MSA solution includes from about 1%
solids to about 50% solids.

It is to be understood that the composition of the MSA
solution may also be selected to match the target lead con-
centration. As an example, one molecule of MSA may be
provided for each molecule of lead that is to be dissolved. It
may also be desirable that excess MSA be present in order to
maintain a minimum level of free acid in solution. As such,
approximately 0.47 g of MSA may be used per gram of lead
to be leached. In an example, if the mixed oxidized lead
material MOPbM includes about 50% lead and the target
concentration is 500 g of lead per liter of leachate, then the
amount of MSA in the MSA solution may be about 118 g
MSA/L. The amount of MSA may be calculated using the
following equation: 500 g Pb/Lx50% (i.e., 50/100)x0.47 g
MSA/g Pb=117.5 g MSA/L.

The suspension of the mixed oxidized lead material
MOPbHM and MSA solution may be maintained at a predeter-
mined temperature for a predetermined time as the liquid
leachate is allowed to form. The predetermined temperature
may range anywhere from about 10° C. to about 100° C. or the
boiling point of water. In an example, the predetermined
temperature ranges from about 10° C. to about 80° C. In
another example, the predetermined temperature may range
anywhere from about 20° C. to about 50° C. The temperature
of'the suspension may be increased to some temperature at the
higher end of the given ranges in order to accelerate the rate
and extent of the lead leaching. The time for maintaining the
suspension may be any time that is sufficient to extract a
desirable amount of the soluble lead from the mixed oxidized
lead material MOPbM. In an example, the time ranges from
about 10 minutes to about 120 minutes.

While the liquid leachate is forming, the suspension may
also be stirred. Stirring may be accomplished using any suit-
able mechanism including a baffle-stirred reactor, a magnetic
stirrer, etc.

The liquid leachate that is formed includes water and a
lead-methane sulfonate salt that is soluble in the water. The
lead-methane sulfonate salt is the product of acid leaching of
the lead oxide and/or lead carbonate originally present in the
mixed oxidized lead material MOPbM. Reactions that may
take place during the formation of the liquid leachate include:

PbO+2CH,S0,H—>Pb(CH,S0,),+H,0

PbCO;+2CH,SO,H—Pb(CH,S0,),+H,0+CO,(g).

The first reaction involves the lead oxide (PbO) reacting with
the methane sulfonic acid (CH;SO;H) to generate the lead-
methane sulfonate salt (Pb(CH;SO,),) and water. The second
reaction involves the lead carbonate (PbCO;) reacting with
the methane sulfonic acid (CH;SO;H) to generate the lead-
methane sulfonate salt Pb(CH,SO,),, water, and carbon diox-
ide (in gas form).

The liquid leachate may also include a solid material, i.e.,
a leach solid or residue. As such, the liquid leachate may be
exposed to a solid-liquid separation process (shown at refer-
ence numeral 14 of FIG. 1). Solid-liquid separation may be
accomplished using thickening, filtration, centrifugation,
cycloning, or another like technique in combination with
washing. The solid-liquid separation results in the separation
of'the leach solid/residue from the liquid leachate. The use of
the leach solid/residue will be discussed further hereinbelow
in reference to reference numerals 22 through 26 of FIG. 1.
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After solid-liquid separation, the liquid leachate may still
contain impurities. As such, the step shown at reference
numeral 16 of FIG. 1 involves purifying the liquid leachate.
Reagent(s) R may be added to the liquid leachate in order to
remove impurities 1. Examples of the reagent R include pH
adjusting agents or metallic lead powder or scrap.

In an example, purification of the liquid leachate is accom-
plished using pH adjustment, with or without aeration, to
oxidize and hydrolyze impurities, such as iron, aluminum,
chromium, etc. In this example, suitable pH adjusting agents
include lead carbonate, sodium hydroxide, calcium oxide,
calcium carbonate, magnesium oxide, magnesium carbonate,
and sodium carbonate. The pH adjusting agent may be added
in any amount that is sufficient to achieve a desirable pH
value. For example, the pH adjusting agent may be added to
the liquid leachate until the pH of the leachate is at the target
value. As an example, if iron carbonate is present in the mixed
oxidized lead material MOPbM prior to MSA solution leach-
ing, iron will extract with the lead into the liquid leachate, as
shown in the following reaction:

FeCO,+2CH,SO0,H—>Fe(CH,S0,),+H,0+C0,(g).

The iron can be removed by pH adjustment using an excess of
lead carbonate and oxidation with air or oxygen. The removal
of'iron by pH adjustment is shown in the following reaction:

4Fe(CH;S03),+0,(g)+2PbCO;+6H,0—
2(CH;S03),+4Fe(OH);.

In another example, cementation may be used to purify the
liquid leachate. During cementation, metallic lead powder or
scrap is used to precipitate other noble metals, such as copper.
The amount of metallic lead powder or scrap used will
depend, at least in part, on the amount of impurities to be
removed. In an example, the amount of metallic lead powder
or scrap is proportional to the amount of impurities to be
removed. As such, it may be desirable to use near stoichio-
metric amounts. Depending upon the metal impurity to be
removed, it may also be desirable to include an excess of the
metallic lead powder or scrap (i.e., an amount above the
stoichiometric amount).

In still other examples, purification may also be accom-
plished with solvent extraction, ion exchange, or precipitation
(e.g., sulfide precipitation) so as to remove the impurities [
and produce a purified liquid leachate that is suitable for
electrolysis.

Solvent extraction may be accomplished by mixing an
organic solution containing the extractant with the aqueous
liquid leachate. Mixing extracts the impurity into the organic
phase. The solvent extraction reagents may vary depending
upon the type of impurity to be removed. Some examples of
suitable solvent extraction reagents include di-2-ethyl-hexyl-
phosphoric acid and similar phosphonic or phosphinic acids,
salicylaldoxime, mixtures including salicylaldoxime, VER-
SATIC™ acids (i.e., highly-branched carbon-rich molecules
with vinyl ester, glycidyl ester, acrylate, hydroxyl and/or
carboxylic functionality, from Momentive Specialty Chemi-
cals, Gahanna, Ohio), etc. After the organic solution and the
aqueous liquid leachate are mixed, the two solutions are sepa-
rated, for example, by gravity settling. At this point, the
organic solution is loaded with the impurity, and this solution
may be exposed to stripping. The purified aqueous liquid
leachate may then be used in electrolysis.

For liquid leachate purification via ion exchange, an ion
exchange resin is contacted with the impure liquid leachate in
a column or in a stirred reactor. Suitable ion exchange resins
may include strong acid exchangers or chelating type
exchangers. When precipitation is used to purify the liquid



US 9,322,104 B2

5

leachate, a chemical precipitant is added to the liquid leachate
to precipitate the impurity as a solid particle. The solid par-
ticle impurities are removed using any suitable technique,
such as filtering, thickening (e.g., gravity settling and wash-
ing), or the like. Examples of chemical precipitants that form
sulfide precipitants include hydrogen sulfide gas, sodium
hydrosulfide, calcium sulfide, sodium sulfide, etc.

While various examples have been given herein, it is to be
understood that any suitable purification method may be used
to selectively remove impurities I that are present in the liquid
leachate, so long as the soluble lead-methane sulfonate salt
remains in solution.

The purified liquid leachate is then exposed to electrolysis
in order to recover lead. This is shown at step 18 of FIG. 1. As
shown in FIG. 2, electrolysis may be accomplished in an
undivided electrochemical cell 30 containing an anode 32 and
a cathode 34. While a single anode 32 and cathode 34 are
shown, it is to be understood that a single cell 30 may include
multiple anodes 32 and cathodes 34. Examples of materials
suitable for the anodes 32 include graphite, titanium struc-
tures coated with precious metal oxides (i.e., DSA anodes), or
any other anode material. Examples of materials suitable for
the cathodes 34 include lead, stainless steel, similar recy-
clable materials, or any other cathode material.

The purified liquid leachate is introduced into the cell 30
and functions as an electrolyte 36.

The electrodes 32, 34 may be connected to a power supply
38 via an external circuit 40. In operation, the power supply
38 and circuit 40 allow electric current and electrons (e7) to
flow between the electrodes 32, 34. In an example, current is
supplied to the anode 32 at a current density ranging from
about 100 A/m? to about 1000 A/m>. The current density may
be varied depending, at least in part, on the configuration of
the cell 30.

When the cell 30 is operated, the power supply 38 delivers
direct current (DC) to the anode 32, and electrowinning is
initiated. In electrowinning, the current is passed from the
anode 32 through the purified liquid leachate (i.e., the elec-
trolyte 36) which contains the lead. It is to be understood that
ionic current flows in solution. Cations are attracted to the
cathode 34 and anions are attracted to the anode 32, and thus
are conducted by the voltage gradient in solution between the
electrodes 32, 34. The lead is extracted as it is deposited, in an
electroplating process, onto the cathode 34. The overall
chemical reaction in the cell 30 is:

Pb(CH;S03),+H,0—Pb+2CH;S0;H+140,(g)

where the following reactions take place at the anode and
cathode, respectively:

H,0—150,(g)+2H*+2¢”
Pb(CH,S0,),+2e —Pb+2CH,S0,".

As illustrated in the chemical equations, lead is recovered as
metal at the cathode 34 and oxygen is evolved at the anode 32
by electrolyzing the purified lead methane sulfonate solution
(i.e., Pb(CH,S0,),).

Upon completion of electrolysis (and electrowinning), the
electrolyte 36 (i.e., the purified liquid leachate) is depleted of
lead and contains methane sulfonic acid. At this point (refer-
ence numeral 20 in FIG. 1) the lead-depleted, methane sul-
fonic acid-containing electrolyte 36 may be recycled and
used in the MSA solution in another cycle of lead recovery.
When the recycled MSA is used in another cycle of lead
recovery, some amount of concentrated MSA may be added
in order to generate a new MSA solution including from about
0.01 wt. % methane sulfonic acid to about 30 wt. % methane
sulfonic acid.
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Electrolysis (and electrowinning) may be performed for
any desirable amount of time in order to extract the lead from
the electrolyte 36. In an example, electroplating is allowed to
take place for a period ranging from about 1 day to about 7
days. This may generate relatively thick deposits of pure lead
on the cathode 34.

The temperature of the cell 30 during electrolysis may
range from ambient temperature (e.g., 20° C.) to about 80° C.
In an example, the temperature of the cell 30 is maintained
from about 35° C. to about 45° C.

Electrochemical additives, such as animal glue, lignin sul-
fonates, aloes, etc. may be added to the cell 30 in order to
smooth the cathode deposit and minimize contamination. The
amount of any electrochemical additive added may be less
than 1 g/I. of solution and less than 1 kg/t (i.e., tonnes or
metric tons) of metal plated.

Referring back to the step shown at reference numeral 14 in
FIG. 1, after the solid-liquid separation takes place, the
method 10 may further include additional steps in which the
separated leach solid/residue is utilized. These additional
steps may be particularly desirable when lead sulfate is
present in the original mixed oxidized lead material MOPbM.
Thelead sulfate is not leached during acid leaching (i.e., at the
step shown at reference numeral 12 in FIG. 1), at least in part,
because lead sulfate is essentially insoluble in the MSA solu-
tion. In the steps of the method 10 shown at reference numer-
als 22 through 26, the lead sulfate may be converted to lead
carbonate, which can be recycled in an MSA solution in
another cycle of lead recovery.

At reference numeral 22 in FIG. 1, the separated leach
solid/residue that is recovered as a result of solid-liquid sepa-
ration of the liquid leachate is treated with a source of soluble
carbonate (shown as CO; in FIG. 1). Examples of the source
of soluble carbonate include sodium carbonate, potassium
carbonate, or ammonium carbonate. During this treatment,
the leach solid/residue is pulped with an aqueous solution
containing the soluble carbonate source. Pulping may be
performed i) with a high solids density and a sufficient
amount of the soluble carbonate, and ii) for a time and at a
temperature so that lead sulfate phases/minerals in the leach
solid/residue are converted to lead carbonate. In an example,
the ratio of carbonate in solution to sulfate in the solids is at
least 1:1 on a mole:mole basis. An example of the reaction
that may take place when the leach solid/residue (which con-
tains lead sulfate, PbSO,) is treated with sodium carbonate as
the source of soluble carbonate is as follows:

PbSO,+Na,CO; —PbCO;+Na,S0,,.

The treatment of the leach solid/residue generates a second
liquid leachate which includes a second leach solid/residue.
The second liquid leachate is a sulfate solution containing a
lead carbonate solid (i.e., the second leach solid/residue). The
second liquid leachate may be exposed to a solid-liquid sepa-
ration process (shown at reference numeral 24 of FIG. 1),
which may be performed using any of the techniques previ-
ously described. The solid-liquid separation results in the
separation of the second leach solid/residue from the second
liquid leachate.

The sulfate solution (i.e., the second liquid leachate, shown
as SO, in FIG. 1) may be used in any desirable manner. In the
example provided above, the sodium sulfate solution may be
sold as a separate by-product or used in other processes (such
as in the manufacture of detergents, or in the Kraft process of
paper pulping, etc.).

At this point (i.e., at reference numeral 26 in FIG. 1), the
second leach solid/residue containing lead carbonate formed
from lead sulfate may be recycled. For example, the second
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leach solid/residue may be incorporated into an MSA solu-
tion (with or without additional mixed oxidized lead material
MOPbHM) in another cycle of lead recovery.

To further illustrate the present disclosure, examples are
given herein. It is to be understood that these examples are
provided for illustrative purposes and are not to be construed
as limiting the scope of the present disclosure.

EXAMPLES
Example 1
Leaching of Lead Using MSA

A lead concentrate containing 67.12% Pb, 0.03% Zn,
1.52%Fe, 1.57% Al,11.12% C (inorganic) and 1.5% S (total)
was obtained from the Magellan Mine (Australia). X-Ray
Diffraction with Rietveld Analysis was performed to identify
the minerals in the concentrate. This analysis revealed that the
concentrate included 67.8% cerussite (PbCO;), 1% galena
(PbS), 10.3% anglesite (PbSO,), 7.1% susannite (Pb,(CO;)
»(SO,)(OH),), 3.3% leadhillite (Pb,(CO;),(SO,)(OH),), 8%
Quartz (Si0,) and 2.6% kaolinite (AlSi,O5(OH),).

The particle size of the lead concentrate was —-150+74
microns (i.e., greater than 74 microns and less than 150
microns), and a solution having a methane sulfonic acid con-
centration of 0.036 mol/L. was used. 2 g of the lead concen-
trate was added to 500 mL of the methane sulfonic acid
solution in a 1 L baffled stirred reactor immersed in a water
bath. The mixture was stirred at 400 rpm, and the temperature
was set to 25° C. The mixture was allowed to sit under these
conditions. A liquid leachate was formed, and a sample of the
leachate was extracted after 30 minutes. This sample was
analyzed for lead. This test revealed that after 30 minutes of
leaching, 85% of the lead in the concentrate was extracted
into solution.

Residue from the liquid leachate was recovered and ana-
lyzed by Rietveld X-Ray Diffraction. The residue contained
0.5% cerussite, 1.5% galena, 62.4% anglesite, 24.5% quartz,
4.8% kaolinite, and 6.3% muscovite. These results confirm
that the methane sulfonic acid leaching extracted most of the
available lead from the concentrate.

Example 2

Leaching of Sodium Carbonate During L.ead
Leaching Process

Another MSA leaching test was performed using 10 g of
the lead concentrate described in Example 1, except that the
particle size was -45+38 microns (i.e., greater than 38
microns and less than 45 microns). The MSA solution of
Example 1 was utilized, except that 50% excess MSA was
added. This leaching test was performed at 25° C. for 1 hour.

A leach residue was recovered, washed, and dried. A
sodium carbonate leaching process was performed for 1 hour
at 50° C. with 10:1 liquid to solid ratio and a 20% excess of
sodium carbonate. A leach residue from this process was
recovered, washed, and dried. The overall extraction of lead
for this Example was 98.04%.

It is to be understood that the ranges provided herein
include the stated range and any value or sub-range within the
stated range. For example, a range from about 10 um to about
500 pm should be interpreted to include not only the explicitly
recited limits of about 10 um to about 500 um, but also to
include individual values, such as 15 um, 120 pm, 250 pm,
400 pum, etc., and sub-ranges, such as from about 150 um to
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about 450 pm, from about 200 um to about 300 um, etc.
Furthermore, when “about” is utilized to describe a value, this
is meant to encompass minor variations (up to +/-=10%) from
the stated value.

Reference throughout the specification to “one example”,
“another example”, “an example”, and so forth, means that a
particular element (e.g., feature, structure, and/or character-
istic) described in connection with the example is included in
at least one example described herein, and may or may not be
present in other examples. In addition, it is to be understood
that the described elements for any example may be com-
bined in any suitable manner in the various examples unless
the context clearly dictates otherwise.

It is to be understood use of the words “a” and “an” and
other singular referents may include plural as well, both in the
specification and claims, unless the context clearly indicates
otherwise.

While several examples have been described in detail, it
will be apparent to those skilled in the art that the disclosed
examples may be modified. Therefore, the foregoing descrip-
tion is to be considered non-limiting.

What is claimed is:

1. A method for recovering lead from a mixed oxidized lead
material, the method comprising:

selecting methane sulfonic acid as a leaching acid for the

mixed oxidized lead material;

exposing the mixed oxidized lead material to a solution

including the methane sulfonic acid, wherein the expos-
ing leaches lead from any of a lead oxide or a lead
carbonate in the mixed oxidized lead material and pro-
duces a liquid leachate and a first leach solid, wherein
the liquid leachate includes a lead-methane sulfonate
salt, and wherein the first leach solid includes lead sul-
fate;

separating the first leach solid from the liquid leachate;

treating the first leach solid with a source of soluble car-

bonate to produce a second leach solid including lead
carbonate formed from the lead sulfate;

purifying the liquid leachate; and

recovering lead from the purified liquid leachate using

electrolysis.

2. The method as defined in claim 1 wherein the solution is
anaqueous solution including from about 0.01 wt. % methane
sulfonic acid to about 30 wt. % methane sulfonic acid.

3. The method as defined in claim 2 wherein prior to
exposing the mixed oxidized lead material to the aqueous
solution, the method further comprises:

identifying a target lead concentration for the liquid

leachate; and

selecting a composition of the aqueous solution to match

the target lead concentration.

4. The method as defined in claim 1 further comprising:

performing the exposing, the purifying, and the recovering

with the second leach solid.

5. The method as defined in claim 4, further comprising
removing a sulfate by-product from the second leach solid
prior to performing the exposing, the purifying, and the
recovering with the second leach solid.

6. The method as defined in claim 1, further comprising
exposing the mixed oxidized lead material to a particle size
reduction process prior to the exposing to generate particles
of the mixed oxidized lead material having a particle size
ranging from about 10 um to about 500 pm.

7. The method as defined in claim 1 wherein the exposing
of the mixed oxidized lead material to the solution including
the methane sulfonic acid comprises:
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pulping the mixed oxidized lead material with the solution
including the methane sulfonic acid to form a suspen-
sion; and
maintaining the suspension at a predetermined temperature
for a predetermined time.
8. The method as defined in claim 7 wherein the predeter-
mined temperature ranges from about 10° C. to about 100° C.
9. The method as defined in claim 1 wherein prior to the
puritying, the method further comprises performing a solid-
liquid separation in order to separate solids from the liquid
leachate.
10. The method as defined in claim 1 wherein the purifying
is accomplished by one of:
pH adjustment in combination with aeration;
cementation with metallic lead;
solvent extraction;
ion exchange; or
precipitation.
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11. The method as defined in claim 1 wherein the electroly-
sis is accomplished by:

introducing the purified liquid leachate to an undivided

electrochemical cell containing an anode and a cathode;
and

passing a current from the anode through the purified liquid

leachate so that lead in the purified liquid leachate is
electroplated onto the cathode.

12. The method as defined in claim 11 wherein a density of
the current ranges from about 100 A/m? to about 1000 A/m?.

13. The method as defined in claim 11 wherein a tempera-
ture of the electrolysis ranges from about 20° C. to about 80°
C.

14. The method as defined in claim 11, further comprising
adding an electrochemical additive to the undivided electro-
chemical cell.

15. The method as defined in claim 1 wherein the mixed
oxidized lead material is a lead ore or a lead concentrate.
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